ABSTRACT INTRODUCTION The use of hookah (waterpipe) is increasing rapidly among US adolescents, nearly doubling from2011-2014. Further information is needed about characteristics of those who use hookahs and how key characteristics associated with use may be changing. METHODS Data from the nationally representative 2014 National Youth Tobacco Survey (NYTS), n=22,007, were analyzed to determine adolescents' characteristics independently associated with use of hookahs, using bivariate and multivariate analyses. Additionally, NYTS 2011-2014 data were analyzed to investigate changes in prevalence of hookah use over time, by sex. RESULTS Among adolescents in 2014, female sexand past 30-day use of cigarettes or e-cigarettes were each independently associated with higher odds of past 30-day use of hookahs (AOR=1.41, 95% CI1.15-1.72; AOR=4.01, 95% CI3.19-5.05; AOR=6.85, 95% CI 5.29-8.88, respectively). Hispanic adolescents (AOR=1.91, 95% CI 1.51-2.42) and adolescents who live with someone who uses hookah (AOR=8.56, 95% CI 6.02-12.18) had greater odds of past 30-day use. From 2011 to 2014, use among males and females increased, with a percent change of 87% for males (1.60% to 2.99%) and 175% for females (1.21% to 3.33%). CONCLUSIONS These data demonstrate the magnitude of adolescent hookah use, particularly among adolescents who use electronic or traditional cigarettes. Most strikingly, rates of female adolescent use have increased much more rapidly than has male use, and adolescent females are for the first time more likely to smoke hookahs than adolescent males in the US nationwide. These findings urgently call for better understanding of the changing correlates of hookah use, including polytobacco use.
INTRODUCTION
Although cigarette use globally has declined, particularly among high-income countries 1 , there has been a recent, rapid increase in the use of other forms of tobacco 2, 3 . Use of alternative tobacco products, and in particular hookahs (also called waterpipes, hubble-bubble, shisha, narghile), has risen dramatically among adolescents and young adults 4, 5 . From 2011 to 2014, rates of hookah use among US high school students increased from 4.1% to 9.4% while cigarette consumption among the same group decreased from 15.8% to 9.2%, and overall tobacco use remained fairly level 6 . This finding causes concern that decreases in cigarette use could be offset by increases in use of other tobacco products, such as hookah and electronic cigarettes. A recent article suggests that hookah use may be the next global tobacco epidemic, after the cigarette 7 . A small but increasing research literature suggests that hookah use may be asaddictive 8 and more harmful 9,10 than cigarettes. Hookah smoking has been associated with an increased risk of many diseases, ranging from lung cancer to periodontal disease 11 . The World Health Organization states that one hookah smoking session may be equivalent to inhaling as much smoke as using 5 packs of cigarettes 12 . Despite this, however, hookah is often perceived as a safer and less addictive alternative to cigarettes, especially among young people 13, 14 . While some studies have described female gender
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Tobacco Prevention & Cessation as a protective factor for hookah use among young people [15] [16] [17] [18] , other findings have shown no statistically significant differences between male and female use among adolescents 19, 20 and young adults 21 , including an example when female point prevalence was higher than that for males 6 . The Centers for Disease Control and Prevention (CDC) has recently reported rates of past 30-day use of hookahs among adolescents. Of note, point prevalence estimates of hookah use were higher among females than males (8.9% of male vs. 9.8% of female high school students) 6 . While tests for statistical significance were not conducted and overlap was reported in the 95% confidence intervals, these point estimates do raise cause for concern, particularly considering their consistency with other studies. The possibility that these findings may represent a trend of increasing hookah use among adolescent femalesan outcome with conceivably profound negative public health implications-warrants further investigation.
Using the most recent nationally representative data from the National Youth Tobacco Survey (NYTS) we conducted analyses to address the following two concerns:(1)how have rates of hookah use among adolescent boys and girls in the US changed from 2011 to 2014; and (2) is female gender independently associated with increased rates of hookah use in multivariate analyses that include multiple other adolescent characteristics?
METHODS

Study Population
The NYTS is an on-going, school-based cross-sectional survey focusing on tobacco-related indicators, conducted by the CDC. The NYTS uses a stratified, three-stage cluster sample design to provide nationally representative estimates of US students enrolled in grades 6 through 12 in the 50 U.S. States and the District of Columbia. Details of its methodology are available elsewhere 22 . Participants are asked to complete a self-administered questionnaire booklet via pencil and paper. Participation in the NYTS is anonymous and voluntary. Questions about hookah use were introduced in 2011. The CDC's institutional review board (IRB) approved the NYTS data collection protocol, and the dataset was made publically available, making further IRB approval unnecessary.
To investigate whether females are more likely to smoke hookah than males in multivariate analyses, data from the 2014 NYTS were used. 
Variables
Hookah Use
Students were asked if they (1) had ever smoked tobacco from a hookah or waterpipeand (2) if they had smoked tobacco from a hookah or waterpipe in the past 30days.Past 30-day use of any tobacco product is frequently used as a proxy measure for current use of that product 6, 20 .
Other Variables
Demographic variables included sex, age, and ethnicity. Race and ethnicity were classified as non-Hispanic white, nonHispanic black, non-Hispanic Asian and other, or Hispanic. Respondents who reported being non-Hispanic Asian, American Indian, Alaska Native, Native Hawaiian or other Pacific Islander were included in the 'non-Hispanic Asian and other' category.
Use of other forms of tobacco (cigarettes) and nicotine delivery systems (e-cigarettes) were included as covariates. Respondents who selected a response other than "0 days" to the question, "During the past 30 days, on how many days did you use electronic cigarettes or e-cigarettes such as Blu, 21st Century Smoke, or NJOY?" were considered to be past 30-day e-cigarette users. Students who answered other than "0 days" to the question, "During the past 30 days, on how many days did you smoke cigarettes" were considered to be past 30-day cigarette users.
Whether or not students believed that all tobacco products are dangerous was included as a covariate. Students were asked, "How strongly do you agree with the statement, 'all tobacco products are dangerous'?" Students who responded "strongly agree" or "agree" were considered to affirm the statement, while those who responded "disagree" or "strongly disagree" were considered to deny the statement.
Living with someone who uses hookah was also included as a covariate. This construct was assessed by asking students if they currently lived with anyone who smoked a range of tobacco products. Students who responded "smoke tobacco from a hookah or waterpipe" were considered living with someone who uses hookah.
Statistical Analyses
The NYTS uses a stratified, multistage sample designed to provide nationally representative estimates. Final weights were applied to reflect initial selection probabilities, non-response adjustment, weight trimming, and post-stratification to national student population estimates. All estimates were weighted to account for the complex survey design, except for cell counts in the tables. Prevalence and characteristics of hookah users
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were stratified by sex. Bivariate analysis was conducted to assess the association of each selected characteristic with the dependent variables. Multivariate logistic regression analysis was performed to obtain the association between hookah use (ever and past 30-day) and sex, adjusting for covariates. All variables included in bivariate analyses were also included in the multivariate model. Covariates included age, ethnicity, past 30-day e-cigarette use, past 30-day cigarette use, believing all tobacco products are dangerous, and living with a hookah smoker. The level of significance for both bivariate and multivariate analyses was set at p<0.05, and all statistical tests were two-tailed. All analyses were conducted using Stata version 11 (StataCorp, College Station, TX).
RESULTS
The majority of respondents identified as Non-Hispanic white (58%), with fairly equivalent proportions of the sample representing each age group. Overall, 14.7% of adolescents reported lifetime hookah use, and 6.4%reported use in the past 30days. Substantial proportions of students reported using e-cigarettes or cigarettes in the past 30days (9.3% and 6.3%, respectively). Some differences in lifetime and past 30-day hookah use by sex were found. Hispanic girls used hookah more frequently than Hispanic boys. Additionally, among hookah users, girls used e-cigarettes and cigarettes at higher rates than boys across the board.
Further characteristics of adolescents who use hookahs are stratified by sex and shown in Table 1 . Table 2 displays bivariate and multivariate analyses of ever and past 30-day hookah use by demographic characteristics and other selected covariates. Female sex was associated with increased odds of using hookahs in both models; however findings were only significant in the multivariate analyses (ever use AOR=1.17, p<0.01; current use AOR=1.41, p<0.001). In bivariate analyses, non-Hispanic Black respondents were associated with decreased odds of using hookahs compared to Non-Hispanic whites (current use OR=0.64, p<0.01) but this finding was not significant in the multivariate model. In contrast, Hispanic individuals were at increased odds of having used hookahs in both forms of analyses (current use AOR=1.91, p<0.001). Additionally, bivariate and multivariate analyses revealed that use of cigarettes (current use AOR=4.01, p<0.001) and e-cigarettes (current use AOR=6.85, p<0.001) were both associated withvery high odds of hookah use. In both models, believing that all tobacco products are dangerous was associated with decreased odds of using hookahs (current use AOR=0.51, p<0.001), while living with a hookah smoker was very strongly associated with increased odds of using hookahs (current use AOR=8.56, p<0.001). 
DISCUSSION
The findings reported in this paper demonstrate the profound increase in hookah use among adolescents. Particularly troubling, however, is the remarkable and unexplaine drapidity of the increase in use by girls, compared to the increase in use by boys, such that adolescent girls are now more likely to use hookahs than are boys in the US. This is true both in point prevalence, as previously reported by the CDC 6 , as well as in multivariate analyses in this nationally representative sample of our nation's adolescents. This is in marked contrast to findings from the 2011 NYTS and from the 2010-2012 Monitoring the Future surveys, both of which did not find female sex to be independently associated with increased hookah use 15, 20 . Moreover, analyses demonstrate a remarkable disparity in rates of increase between adolescent boys and girls, with an 87% increase in use among males and a 175% in females from 2011 to 2014. The sex-related findings are consistent with the 2015 study by Villanti et al., that found that female use of hookah was higher than male use among young adults aged 18-34 inthe Legacy Young Adult Cohort Study 23 . Thus, two separate recent surveys, one involving adolescents and the other involving young adults,provide similar evidence of increased female use. This merits concern that rates of use among females will continue to grow among both age groups, and certainly calls for continued scrutiny. The etiology or etiologies of this increase are unexplained, and rational policy to stem the tide of increasing use will benefit enormously from understanding what is driving this increased use.
Female sex has previously been associated with increased rates of hookah use outside of the US, although this is rare 24 . Additionally, there is some history of females using cigarettes at higher rates than males, both internationally and domestically.
In 2013 approximately 15% of adult women in Sweden smoked, compared to 13% of men 25 . In the US, adolescent females have historically used cigarettes at higher rates than males at different points in time (i.e. the 1990s); and this finding is more prominent among younger adolescents (8th and 10th graders) 26 . However, as students age, trends of boys using cigarettes at higher rates emerge, with 12th grade boys having used at higher rates than females since the late 1980s 26 . The finding that female adolescents now use hookah at higher rates than males, a reversal from the findings of recent years, under scores the importance of frequently re-evaluating the changing landscape of tobacco use in the US. The increase in adolescent female hookah use may serve as a harbinger of resurgence in increased female use of other tobacco products. Research shows that use of one tobacco product correlates with use of other tobacco products 27 , and the history of adolescent female cigarette use shows that female rates have spiked in the past 26 . This finding has implications for health care providers, legislators, and those pushing back against the specific targeting of females by purveyors of tobacco. Tobacco companies have historically targeted and recruited men 28 , but female focused advertisements have been around for decades 28, 29 , and include marketing smoking in women's magazines 29 .
Companies produced "light" or "slim" products to target the female population, and advertising correlates with increased use 30 . It is not yet clear why female use of hookahs is increasing. However, it is critical to continue closely monitoring tobacco advertising aimed at youth in general, and females in particular, as an effort to curb this trend.
Also of special note is the remarkable association between hookah and e-cigarette and cigarette use. Our findings show that the odds of using e-cigarettes in the past 30 days are more than four times greater for hookah users, while the odds of using cigarettes in the past 30 days are more than five times greater among hookah users. This is not surprising, as previous analysis of data from the NYTS found that use of one alternative tobacco product is a risk factor for using another, among cigarettes smokers and non-cigarette smokers 27 . Odds ratios for use of various alternative tobacco products as a risk factor for using another type of alternative tobacco product varied from 1.52 (95% CI 1.12, 2.07) to 60.97 (95% CI 31.38, 118.45) among respondents 27 . Additionally, studies associate e-cigarette use with increased intention to smoke cigarettes, openness to trying cigarettes, and the actual initiation of cigarette smoking [31] [32] [33] . However, despite these findings, it should be noted that a significant proportion of US adolescent hookah users in this sample also have never used cigarettes (33.7%) or e-cigarettes (36%). These findings elicit concerns that hookah may frequently be a product of first use, or act as a gateway to other tobacco use 34, 35 . Clearly, more research is needed to further elucidate the connections between product of initiation, trying multiple products, and future smoking patterns.
Additionally, this analysis found that adolescents who believe all tobacco products are harmful have lower odds of using hookah, and that individuals who live with a person who uses hookah have much higher odds of using themselves, 20 . Furthermore, believing that use of hookahis harmful has been associated with increased desire to quit 36 . These findings suggest that interventions might be targeted towards adolescents who are exposed to hookah at home, and that educating adolescents about the harms of hookah may be useful in decreasing use.
This study has several limitations of note. Associationonly, not causation, may be drawn from this cross-sectional data. The study relies on self-reported data. Lack of information regarding detailed demographic characteristics limit investigation of potentially important features of adolescents that might help lead to explicating the causes of this epidemic. Furthermore, the data does not allow elucidation of why adolescent female use is increasing so rapidly. Additionally, NYTS does not survey students who were no longer enrolled in or dropped out of school and requisite information concerning alternative tobacco products only exist for the past several years. Adolescents who use "e-hookah" may misclassify their product use as hookah use, rather than e-cigarette use, potentially leading to misclassification bias. It should also be noted that response options for the measure of hookah use changed between NYTS 2013 and 2014 administrations, when e-cigarettes were removed from the answer options and made into a separate measure, which could have affected the prevalence observed during that period.
CONCLUSION
The findings in this paper provide important new information in our efforts to prevent increases in the use of this alternative tobacco product. Preventing tobacco use in adolescence saves lives years later and prevents countless other untoward effects on health. To facilitate policy makers and providers in drafting appropriate educational and regulatory interventions, we must define the populations most at risk. This study highlights the increased risk of adolescent hookah use in females, and the increased use of e-cigarette and cigarette use among hookah smokers. The rapid increase in hookah use overall, and among females in particular may portend relative and/or absolute increases in future use of tobacco products in females compared to males. Despite the urgent need for more research, there is sufficient information about the magnitude of use and the negative health consequences of active and passive exposure to hookah smoke to warrant multiple public health interventions, including educational outreach, regulation of hookah and increased funding for further research.
